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]tlissimlsoftllis ]Iature  lIavc]Iot  l)ccni ]Jcrfor]tlcxl  })rcviously, wit]l all ]Jrwvious c]lc.ou]ltcrs lIavi  IIgl)ccII flyl)ys.
‘1’IIus tllcrcare a ]l~l]lll)crc)fissl]csa]lcl  cllallc]lgcs fc,r][a~ig,atic)]l  wllicll lIavc IIotl IccII })rcvious]y  cc)]lsidcrcd.
‘1’l]is ]Ja]IcI will identify tJIIC  difl’cmlt  IIlissioll  ])lIascs f o r  s] IIalllIody  ctIcouIItcIs  a]Id  tlIc ]Iavigat,io]i  rcquirc-
II ImItS, ol)jcctlivcs alId goals illvolvul  with cacl I ;IIIasc. A l s o ,  ccrtaitl  ])radical  liltlitatic)lls~iitll  rcsj)cc.t  to

]tlissicnl  clcxigtl will I)c identified a]Id discussd. ‘I’l Ic l)asic ]IIIascs  alId issues to lIc addressed arc as follows.

l’rc-c]Icou]Itcr c.llaractcrizatic)  ll. ]’rior  to tlIc actrIal  c]lcou]lt,cr  w i t h  tlIc sIIIall  I)c,cly tlIc kt)owlcdgc  l)ase
]Jcrtaitlitlg  (0 tlIc l)ody II Iust, bc cxl)aIIdcd.  ‘J’llis illc]udcs aII illl])rc)vclllclltto  tlIc q)lirn[lcris  c)f tllc l)crdy  a s

WCII  as  csti]llatcs  of tllc l~ody size, slIa])c, dc]lsity, rota{ )ioll ra~c ZIIICI rc)taticnl ]Jolc.

II;]lcoulltlcr  a]Id lkmdczvous  ])llasc. ‘J’llis ])llase cxtclIds  fro]li target acquisition t,o delivery of tllc ]Irol]c  at
SOIIIC IIol)lillal  distance  (t,llousallds  of kilc~]llctcrs)  fro]l]  t]Ic tarp;ct. l)ari]}g  this ])11.3sc tllc target ]IIust  I)C
acquired aIId a scqI.IcIIcc  of]tlalicllvcw  II Iustl Je cxcc.IItccl wllicli target tile ]Irol)c  to tllcslllalll)ocly, csscvltially
a ])oillt, ill s]~acc.

l]litial(  ~llaractcrizatio]l Ijllasc. l)llritlg  tllis])llaset  llc])rol)cflics (Ic]}farclst  llctargct atarducd s])ccd atld
I,egillslol)uild  u]) a]l o])ticzrl i?)fc)r]llatio]ll)asc al)oIIt  tlIc target. A ]Iloclclof  tllc target II Iust}Jc  co]lstructcd
wllicll itlc]udcs tlIc l)ody)s  size and slIa])c, attitude aIId attitude dy]lalllic.s, a]Id ])rcli]lli]lary csti]llatcs  011 tlIc

I)ocly’s  IIIaSS aIId gravitational IIar]tlo]iics. lfi,lIc target Lody is a cc,ll]ct, tllc]l ])rcli]l]i]lary  csti]llatcs  of tllc
outgassitlgficld  II IIISt Im ]Iladc as w(4I as locations of tllc ]Ilajorjcts olI tllc col Ild surface.

IIlitial  orl)it ])l]asc. WIIclI tlIc]Irobec]Itcr3  i]ltoall illitialorbit al)c]uttllc  I)ody,  tllcgra\’itatic]  ]lallla r]t-lc)]lics
a]ld ]IIass  of tllc  l)ody arc  cslilllatccl,  rclyil)g  0 1 1  l)c)})])lcr  data.  lftl Ic l)ody is a collict, t}ICII tllc  outgassillg

fi~]d iS a]SO  CS(illldd. ‘1’llis  ])criod is crucial a< a  checkout ,  ]]criod wllcrc tlIc assuIIId ]llissio]i ])la]w aIId
co]ltro] algoritllllls  arc co]ll]]ard  with tllc actua]  c]lviro]l]llc]lt  at tllc sIIIall  I)c)dy.

Mission ])1 Iasc. l’c]ldi}lg  s a t i s f ac to ry  rcsalts frolll tllc ]]rcvicms  ])llas~s, lIIC lllissio]l ])lIasc  cmlsists o f  aIl
cxlc]Idcd ]~criod  c)f orl]its  al)out  tlIc I)ody,  l)ut ]IIfiy  also consist  of ])rc])arirlg a ]Jrol)c  ddivcry  to the surface
Of t,lle l~ody, l)uc  to t,]lc s]l]a]]sizc  and Illassc)f t,llcsc I)odics aIICl t,l]cir iri-cgular size, tlIc ])rol)c  will bc sul)jcct
to large ])crturl)atio]ls  frolil solar ]]rcssurc,  g;ravitatio)lal  IIar][lc)]lics  and Ilclll-gravitatic)]lal  dlkcts  wllicll arc
IIc)t c] Iccnl]Itcd in classical ])lallctary  ]Ilissicnls, lkti],,ai,cs 011 tlIc sins o f  tllcsc ])cri, url)atimls aIId tllcir
dl’ccts o] I orl)its  i]} various gco]}lctrics  arc givcnl. WC alscI address (lIC colltrcd, rcc.c]]lstrl]c  tio]l a]]d ]]rcdictio]l
of c)rl)it,s  al)c)ut  t,]lrxc SIIIall  I)odics  aIId t,llc allloullt  nlId tyl)c o f  dat,a IIcccssar y  to falfill  tllcsc  F, OZI]S. l’or
ccrtaill  ty])cs of ]oissic)]ls  it ]Ilay  IIC fcasil)lc to illtlroducc  SOIIIC levd  c)f auto]lcntlous nav iga t i on  a]ld c.c)]ltrc)l
during  tl]is ])llasc, allowi]lp;for a rcducttio]i i]) olmatiolls cost,.

Navigatio]l  of s]]ac.cc.raft to aIIcl al)out, SIIIZIII  solar-systc]]l  l)odics is c.llallcllgi]lg and raises II IaIIy issues o f
fallda]llc]ltal  illl])ortancc  wllic.11  slIould  lIc u n d e r s t o o d  I)y ]Ilissio]l  dcsigtlcrs and sjIoIIsors. ‘1’llis  ])a])cr  w i l l
idc]ltify tile ]Ilost iltl]~ortant  issues a]Id discuss ways ill wllicll tlllcy ]Ilust l)e dca]t with. It also ])rovidcs  a
]Ilctllodology wit]]  w]lic.11 to a]l])roacll ]lavi~,at,io]l for s]llall I)ody  ]Ilissio]ls.


